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ABSTRACT 
A partially purified lipase produced by Staphy lococcus aureus is inhibited by tetracy-
cline. This effect is exhibited when 3.3 x 10- 3 M tetracycline is added to the enzyme at a 
concentration of 0.6 mg/ml. 
The inactivation of t he enzyme by tetracycline was complete after 10 min of incubat ion at 
37° C. Increas in g the preincubat ion period up to 24 hours did not increase the degree of 
inactivation. Div alent ions, such as Ca++ , M g++ , and Mn ++ did not effect the act ion of t he 
drug on the enzyme. 
Inactivation by tetracycline was dependent on t he am ount of protein in the reaction 
mixture . The addition of 5 m g of bovine serum albumin (BSA) to the mixture completely 
ne utrali zed the inhibitory efl"ect. 
Kellum, Strangfeld, and R ay [1] have shown 
that tetracycline in concentrat ions between 2 and 
6 X w-· M block the lipolytic activity of a growing 
culture of Corynebacterittm acnes. H owever, wh en 
tetracycline was used to inhibit t he already 
formed lipase of these same organisms, 1.0 X lQ- • 
M tetracycl ine was needed [2]. The same amount 
was need ed in order to inhibit lipase from hog 
p a ncreas. None of these previous studies indicated 
the ·purity of t he enzyme preparation th at was 
used [3 ] although Weaber et al [4] sh owed that 
inhibi t ion was enhanced in the presen ce of Ca++ 
ions. 
The present study was undertaken to investi-
gate the effects of tetracycline on a partially 
purified preparation of Staphylococcus aureus 
lipase. 
MATERIALS AND METHODS 
Organism. Staphylococcus aureus 111 prod uced a 
lipase which was able to hydrolyze 7 triglycerides and 5 
tweens (polyoxyethylene sorbitan-fatty acid) [5]. The 
bacteria were grown on Trypticase Soy Agar (BBL) and 
transferred twice a week . 
Lipase preparat ion . Two-litre Erlenmeyer fl asks, each 
containing 1litre of t he medium, were incub ated with 1 
ml of an overnight culture in a New Brunswick Con-
trolled Environmental Shaker with agitation (200 rpm) 
at 37 o C for 48 hours. The cells were removed from the 
medium by centrifugation and the supernatant fluid was 
used as the source of crude enzyme . Partial purificat ion 
was achieved by alcohol precipitat ion, redissolution in 
water, and sequential fract ionation at pH 8.6 an d 4.3 [6]. 
This enzyme preparation was 50 t imes purer t han t he 
original supernatant and had a spec ific act ivity of 3.1 
!Lmoles butyric ac id released/m in/ mg protein . 
Lipase assay. Lip ase activity was determined by two 
methods . 
a. 0.5 ml Of t he enzyme preparation was added to 15 
ml of a mixture [7] composed of: 0.01 M glycerol 
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tributyrin or 0.05 M glycerol triolein; 1.6% gum accacia· 
0.4 x 10- • M sodium taurocholate; 0.4 M NaCl ; 5 x 10- ', 
M CaCl, (pH 8.0) . In experiments in which the effect of 
cations was tested, Ca++ ions were omitted . Control 
contained the same constituents without t he substrate. 
The mixture was incubated in a rec iprocating shaker 
water bath at 37° C for 10 min. 'The reaction was stopped 
by addition of an eq ual volume of absolute ethanol. '=fhe 
amount of the fatty acid released was determined from 
the amount of 0.01 NaOH required to backtitrate the 
reaction mixture to pH 8.0 by using electrometric 
titration in a pH stat (Radiometer, Copenhagen). 
b. The reaction mixture, as previously described, was 
put in pH stat vessels at 37o C [8 ]. The enzyme 
preparat ion was t hen added and the pH was held 
continuously at pH 8.0 by t he add ition of0 .01 N NaOH. 
Calcul at ions for both methods were essenti ally t he same. 
Inh ibition studies. Equal volumes of enzyme prepar-
ation and tetracycline with or without inhibi tors, promo-
ters, or foreign protein were mixed and usually in-
cubated for 1 hour at 37 ° C (4]. The residual enzymatic 
activity was subsequent ly determined as described 
above. 
RE:SULTS 
The effe ct of various concentrat ions of tetracy-
cline on Staphy lococcus aureus lipase is presented 
in T ab le I. With both s ubstrates, a concentration 
of 6.6 x w-o M or higher completely inhibited the 
activity of 0.6 m g of enzyme. When t he a mount of 
enzyme was in creased by a factor of t hree (T able 
II) there was a lmost a complete loss of in activa-
tion by t he a ntibiotic. The possibili ty that thi 
phenomenon could be reproduced b y a foreign 
protein was investigated by additio n of bovine 
serum albumih (BSA) in various con cen trations 
to a mixture of tetracyc line and enzyme. The 
res ults presented in Table III s how that when 5 mg 
of BSA were added to t he mixture the effect of 
tetracycline on t he enzyme activity was com-
pletely neutralized. Ch an ges in the kinetics of 
enzyme activity as a res ul t of tetracycline were 
measured by t he pH stat m ethod, an d are illu -
t rated in t he Figure. It can be seen t h at t h 
addition of tetracycline to the en zymatic reaction 
vessels did not change the rate of en zym e activity 
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for t h e first 5 minutes . Followin g t his period t here 
was a drop in react ion rat e, and by 15 minutes t he 
rate o f enzy m atic activity was parall el to t hat 
observed when the enzy m e was previously prein -
cubated wit h te t racycline . The effect of various 
preincubation periods on tetracycline inhibition 
TABLE I 
Effect of tetracycline on lipase activity 
Tributy rin Triolein Tetracycline 
Concentration Lipase• Inhibition Lipase• Inhibition (M ) activity (%) activity (%) 
6.6 X 10- • 0.0 100 0.0 100 
3.3 X 10- 3 0.4 79 0.14 93 
1.7 X 10- 3 . 1.64 8.6 1.7 15 
8.0 X 10 - • 1.9 - 2.0 -
Non e 1.9 - 2.0 -
• ~tmoles fat ty acid released/ min/0.6 mg protein 
TABLE II 
The effect of enzym e concentration on the inactivation 
by tEtracycline 
Enzyme Tetracycline Lipase• protein 3.3 x 10- ' M activi ty (m g) 
0 .€ - 1.5 
0 .6 + 0.4 
1.2 - 2.6 
1.2 + 1.5 
1.8 - 3.8 
1.8 + 3.6 
• ~tmoles butyric acid released/min 
).. 
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> 
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u 
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I 
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10 
Inhibition 
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-
74 
-
43 
-
4 
20 
was tested (Ta ble IV ). It was s hown t hat complete 
inactivation occurs after a 10-minute period of 
p re incu bation. No furt he r effect has been ob-
served even when p reincubation was carried out 
for 24 hours. 
The effects of divalen t ion on in activat ion of 
t he enzy m e by tetracycline were investigated . T he 
res ul ts p resen ted in T a ble V show t hat divalen t 
ions did not cause any significan t change in t he 
effect of tetracycline on lipase ac tivi ty itself. 
DISCUSSIO N 
These resul ts indicate t hat tet racycline inhibi ts 
St aph . aureus lipase. The resul ts in Table III show 
t h at t he addit ion of fo re ign protein to t he I ipase 
prep arat ion will decrease t he effect of t he drug on 
t he en zym e. The protein m ay bind t he drug 
TABLE III 
The effect of bovine serum albumin (BSA) on 
tetracycline inhibition of lipase activity '" ' 
BSA added to the Lipase• Inhibition 
mixture (mg) activity (%) 
Cont rol'•' 1.45 
None 0.34 ~7 
0.1 0.32 78 
0.5 0.630 57 
1.0 0.882 40 
5.0 1.52 0 
'"' Assay mixtures contained 0.6 mg protein enzyme 
preparation, 4.4 mg tetracycl ine (3.3 x 10- 3 M) , and 
BSA in a total volume of 3 ml 
,., Enzyme, dist illed water, and BSA 
* ~tmol es butyric ac id released/min 
JO 40 50 
TIME I~ MINUTES 
FJG. T he kinetics of enzyme inactivation by tetracycline. 0--0 control; • --- e tetracycline was added to the 
reaction m ixture immediately before incub ation; !J.- ·- .- !J. preincub ation of the enzyme wi th tetracycline for 1 hour. 
Lipase act ivity units: ~tmol es butyric acid released/ min . 
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TABLE IV 
The effect of preincubation of the lipase with 
tetracycline on enzymatic activity 
Preincubation Lipase* Inhibit ion 
time activity (%) 
Control 1.6 
Omin 1.2 25 
5min 0.8 50 
lOmin 0.3 82 
20min 0.3 82 
30miri 0.3 82 
60min 0.3 82 
i4 hours 0.3 82 
* JLmoles butyric acid released/min/0.6 mg protein. 
Tetracycline concentration = 3.3 x 10- • M 
TABLE V 
The effect of divalent cations on the action of 
tetracycline on Staphylococcus aureus lipase 
Tributyrin Triolein 
Incubation 
mixtures Lipase• Inhibi- Lipase• Inhibi-
activity tion (%) activity tion (%) 
1 ml enzyme 
2m1H,O 1.7 - 1.8 
1 ml enzyme 
1 ml tetracycline 0.3 82 0.5 73 
1 ml H ,O 
1 ml enzyme 
1 ml CaCI,, 1M 1.2 - 1.3 -
1 ml H ,O 
1 ml enzyme 
1 ml CaCl2 , 1M 0.3 75 0.45 68 
1 ml tetracycline 
1 ml enzyme 
1 ml MgCI,, 10- • M 1.2 
- 1.1 -
I ml H,O 
1 ml enzyme 
1 ml MgCI,, 10- 2 M 0.2 83 0.4 64 
I ml tetracycline 
1 ml enzyme 
1 ml MnCI,, 10- ' M 1.6 
-
1.2 -
1mlH,O 
1 ml enzyme 
1 ml MnCI,, w-' M 0.2 87 0.4 66 
1 ml tetracycline 
Enzyme: 0.6 mg protein/rnl; tetracycline: 4.4 rng/ml 
(final concentration 3.3 x 10- a M) 
* J.Lmoles fatty acid released/min 
making it unavailable for binding to the enzyme 
and thus decrease the amount of enzyme inac-
tivated. The amounts of tetracycline needed to 
inactivate Staph . aureus lipase are comparable to 
those found by other investigators [2, 3 ]. 
In our experiments divalent ions did not cau 
any significant change in the effect of tetracyclin: 
on the enzyme, although Weaber et al [4] ob 
served th_at calcium ions _enhance~ t?e activity 0 ; 
tetracyclme on C. acnes hpase. Th1s mconsistenc~ 
is unexplained. ' 
There are at least two possible explanations fo 
the therapeutic effect of tet~acyc_line on acne, ~ 
have b_een s uggested by vanous _mvestigators [9 
10 ]. It JS certam that there IS partial destruction Of 
the skin flora [11-14] which normally releas 
diffu~ible lipases. There ~ay also be inhibition o1 
the hpase newly synthes ized by the remainin 
bacteria, as has been pointed out by Kellum et ~ 
[1] and as I have also suggested [15 ]. It seems un 
likely that the enzyme is directly inhibited by th~ 
small amounts of the drug present in the ski~ 
(16]. 
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